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Inrodution
Lead poisoning is one of the most

common and preventable illnesses of
childhood. It is estimated that one of ev-
ery six United States children has an el-
evated blood lead level (20.72 Anmol/L
[15 ,g/dL]), which is associated with ad-
verse health effects.' The 1991 Centers
for Disease Control (CDC) guidelines for
lead screening differ significantly from
earlier versions.2 The CDC now recom-
mends universal blood lead screening for
all US children under age 6 years, except
for children in communities that can
demonstrate that they do not have a
childhood lead poisoning problem. A
blood lead level is now recommended as
the primary screening test, rather than
the erythrocyte protoporphyrin level,
because erythrocyte protoporphyrin
screening is not sufficiently sensitive to
detect most children with blood lead lev-
els above 1.21 ,umol/L (25 ,ug/dL).-S5

The guidelines advise that a level of
0.72 ,umolVL (15 pg/dL) or greater from a
capillary sample should be confirmed by a
venous sample because capillary samples
maybe falsely positive. Between 22% and
29% of capillary samples were found to be
falsely elevated when the blood lead level
of concern was 1.93 p.mol/L (40 pg/dL),6
so the false-positive rate is likely to be at
least as high if the threshold is lower.
However, obtaining specimens by veni-
puncture is more difficult than capillary
sampling, and initial screening by veni-
puncture is not widely used.7 The objec-
tive of this studywas to compare the costs
of universal blood lead screening by dif-
ferent strategies.

mined by questionnaire and then screen-
ing high-risk children with a venipuncture
specimen and low-risk children with a
capillary specimen, with venipuncture
confirmation forblood lead levels of >0.72
p.moUL (15 pg/dL).

Baseline estimates ofvariables in the
model were obtained from the medical lit-
erature. Costs were obtained from the
1990 ratebookofThe Children's Hospital,
Boston, Mass.10 This rate book lists the
same cost ($3) for phlebotomy by both
venipuncture and capillary sampling.
However, in the baseline analysis we es-
timated that the cost of phlebotomy by
venipuncture was twice as expensive as
capillary sampling to more closely simu-
late the national experience. Costs rather
than charges were used for this analysis,
because costs more accurately reflect true
resource use. SMLTREE software"1 was
used to construct and evaluate the deci-
sion tree. Sensitivity analysis was used to
explore the effect of changing variables
over a range of clinically reasonable val-
ues (Table 1).

Resuts
Given baseline prevalences and

costs, initial screening of all children with
a venipuncture specimen cost $22 per
child, and screening by the stratification
and capillary strategies cost $25 and $27,
respectively.

Sensitivity analysis (Table 2) demon-
strated that the venipuncture strategywas
the least expensive strategy over almost
the entire range of variables indicated in

Methods

We used decision analysis8M9 to com-
pare the costs of the following three strat-
egies: (1) initial screeningwith avenipunc-
ture specamen; (2) initial screening with a

capillary specimen, with venipuncture
confirmation if the blood lead level was
.0.72 ,umol/L (15 pg/dL); and (3) stratifi-
cation according to risk level as deter-
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Table 1. Because venipuncture is the final
step in all the screening strategies, and be-
cause the cost of laboratory analysis is the
same for capillary and venous samples,
the venipuncture strategy is the least ex-

pensive strategy unless the cost of veni-
puncture phlebotomy is more than three
times higher than the cost ofcapillary sam-
pling (Figure 1).

As the prevalence of elevated blood
lead levels decreased from 17% (baseline)
to 5%, the cost of the venipuncture strat-
egy was unchanged ($22). However, the
cost of the stratification ($24) and capil-
lary ($25) strategies decreased, reducing
the added cost of these strategies com-

pared with the venipuncture strategy.
Under conditions of low prevalence (5%)
and a high cost ofvenipuncture ($10), the
stratification strategy ($25) became less
expensive than either the venipuncture
($26) or capillary ($26) strategies.

If only 5% of the capillary samples
are falsely elevated, the cost of screening
byvenipuncture would be the same as the
cost of the stratification strategy ($22), but
would remain less expensive than the cap-
illary strategy ($24).

In our baseline analysis, we assumed
that onlyblood lead analysiswouldbe per-

formed. However, eythrocyte protopor-
phyrin levels are often used as an adjunc-
tive test for managing childhood lead
poisoning. If eiythrocyte protoporphyrin
testing ($10) is included in the screening
strategies, the venipuncture strategy ($32)
would become even less expensive rela-

tive to the stratification ($37) and capillary
($40) strategies.

Discusion

This analysis demonstrates that a

single venipuncture sample is the least
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costly method of universal screening for
childhood lead poisoning. The CDC rec-
ommends annual screening for children
at low risk for lead poisoning and screen-
ing at 6-month intervals for high-risk chil-
dren. Based on the US Public Health Ser-
vice estimates,' 16 million blood lead
screening tests on children under age 6
years will be required annually. Accord-
ing to our model, a lead screening pro-
gram that uses a single venipuncture sam-
ple would cost $352 million per year. The
annual costs of screening by the risk
stratification and capillary strategies
would be $400 million and $432 million,
respectively, a 14% to 23% increase over
the cost of screening with a single veni-
puncture sample.

Sensitivity analysis demonstrated
that the venipuncture screening strategy
is the least expensive approach over a
wide range of prevalences, false-positive
rates, and costs. For populations with a
low prevalence of elevated blood lead
levels, initial screening with capillary
specimens may appear to be a more at-
tractive strategy, at minimal additional
average cost. However, because of the
large numbers of screening samples re-
quired in areas of even moderate preva-
lence and the high rate of necessary
rescreening because of false-positive re-
sults, the overall additional annual ex-
penditure generated by this approach is
considerable.

Issues of time, availability of skilled
pediatric phlebotomists, convenience, and
child/parent preference for the method of
sampling were not considered in this anal-
ysis. Although initial screening by capil-
lary sample may appear to be simpler than
initial screening by venipuncture, that
may not be true if a confinnatory sample
by venipuncture is required.

This analysis indicates that methods
for childhood lead screening differ sub-
stantially in cost. Better data are needed
regarding the false-positive rate by capil-
lary sampling nowthat the blood lead level
requiring rescreening is 0.72 pmol/L (15
pg/dL). In addition, improved capillary
sampling techniques that eliminate the
need forvenous confirmatory samples are
needed. However, based on current infor-
mation and existing techniques, a screen-
ing strategy that uses a single venipunc-
ture sample can reduce the cost of
screening for childhood lead poisoning. 0

Acknowledgments
This research was supported in part by grants
from the Health Resources and Services Ad-
ministration, Bureau of Health professions:
D28PE11122 (Residency Training in General
Pediatrics) and D28PE51008 (Faculty Develop-
ment in General Pediatrics).

This paper was presented in part at the
32nd Annual Meeting of the Ambulatory Pedi-
atric Association, Baltimore, Md, May 5, 1992.

The authors wish to thank Ellen Coates
for help with manuscript preparation.

References
1. Agency for Toicic Substances and Disea

Registry. The Nature and Extent ofLead
Poisoningin Chdn in the United States:
A Report to Congress. Atlanta, Ga: US
Dept ofHealth and Human Services; 1988.

2. Centers for Diwase Control. Preventing
Lead Poisoning in Young Children: A
Stament by the CentersforDisease Con-
troL Atlanta, Ga: US Dept of Health and
Human Services; 1991.

3. Mahaffey KR, Annest JL. Association of
erythrocyte protoporphyrin with blood
lead level and iron status in the second na-
tional health and nutrition examination sur-
vey, 1976-1980. EnvimronRes. 1986;41:327-
338.

4. Turk DS, Schonfeld OJ, Cullen M, Rainey
P. Sensitivity of erythrocyte protoporphy-
rin as a screening test for lead poisoning.N
EngIJMed 1992;326:137-138.

5. DeBaun MR, Sox HC. Setting optimal
erythrocyte protoporphyrin screening de-
cision threshold for lead poisoning. Pedi-
atics. 1991;88:121-131.

6. Mitchell DG, Aldous KM, Ryan FJ. Mass
screening for lead poisoning. N YState J
Med. 1974:1599-1603.

7. Edwards KS, Forsyth BWC. Lead screen-
ing at pediatric teaching programs. Am J
Dis Chik 1989;143:1455-1457.

8. Pauker SG, KassirerJP. Decsion analysis.
NEnglJMed. 1987;316:250-258.

9. Weinstein MC, Fineberg HV. ClinicalDe-
cision Analysis. Philadelphia, Pa: WB
Saunders Co; 1980.

10. 1990 Rate Book Boston, Mass: Children's
Hospital; 1990.

11. SMLTREE, Version 2.9. Roslyn, NY: Jim
Hollenberg; 1989.

112 American Journal of Public Health January 1994, Vol. 84, No. I


